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1 Introduction
Although the quantum eld theory has succeeded in many areas of modern physics, people
have met some diculties when the quantum eld theory is applied to the research for
nuclear systems. Firstly, all of nuclear systems are many-body systems, and their ground
state is the state where the Fermi sea is lled with interacting nucleons, not the "vacuum."
Secondly, the nucleons are extended objects, but all particles are treated as "point" in the
quantum eld theory. These approximations might cover some important factors in the
research of nuclear physics, so people have tried to exclude the whole volume occupied by
nucleons from their conguration space, then consider nucleons as "point-like" particles
moving in the mean eld [1, 2, 3, 4, 5]. The concept of the volume is not relativistic
invariant, so some persons hope to construct a relativistic consistent volume eect of
nucleons in nuclear matter[6, 7]. In this paper, we add the excluded volume eect to
the Lagrangian density of nuclear matter. Since the volume of nucleons is about 10%
of the space in the saturation nuclear matter, we regard the excluded volume eect as a
perturbation, then the rst order self-energy is calculated in the framework of relativistic
mean-eld approximation. At last, we give a set of parameters so that the saturation
properties of nuclear matter can be obtained.
2 The excluded volume effect in a Lagrangian density
In the excluded volume eect, the whole volume of nucleons v0N is abstracted from the
volume of nuclear matter V , then the eective space for nucleons is V − v0N . In which,
v0 is the volume of a nucleon, N is the nucleon number in the nuclear matter.
The nucleon in Fermi sea is constrainted by Pauli principle, and every nucleon is
moving in the nuclear matter. In the direction of its movement, the length of nucleon
decreases, so the Lorentz constraction should be included. The eective space for nucleons
when the Lorentz constraction is considered is
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where  is the nucleon eld in the eective space V (1− v00s(N)). The scalar density of
nucleons is
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If the v20 terms are neglected,
0s(N) = s(N) (1− v0s(N)) (6)
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That is to say, when the volume of nucleons is excluded, the eld operator in the
Lagrangian should change as
 O !
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O is an operator, such as 1, γ etc. The Lagrangian becomes



























The Lagrangian in the relativistic mean-eld approximation is





















where 0 and !0 are the expectations of mesons in nuclear matter. If the radius of a
nucleon in nuclear matter is 0.63fm, the whole volume of nucleons is about 10% of the
volume of saturation nuclear matter, so we will think the eect of nucleon volume as a
perturbation. We shall divided the Lagrangian density LRMF into nonperturbative and
perturbative parts as






















LI = −v0    (iγ@ −m− g0 − g!γ0!0) (13)
in the interaction picture dened by the nonperturbative Lagrangian density L0.
The motion equation of the nucleon eld operator can be easily obtained from L0:
(iγ@
 −m− g − g!γ!) = 0 (14)
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The perturbative Hamilton in the interaction picture is









where m = m+ g0.
The rst order of U(t2; t1) is






The Green function as the eect of nucleon volume is considered is
G = h0
∣∣∣T ( (x2)  (x1))U(+1;−1)∣∣∣ 0i
= h0







∣∣∣T (x2)  (x1)  (x)γ0 (x)  (x) (−~γ  ~r− im − ig!γ0!0) (x)∣∣∣ 0i;(17)
then the rst order self-energy could be calculated. It will be





































In which E(k) =
√
































The perturbation interaction causes the corrections of mass,energy and wave function
of the nucleon. These eects are expressed by m, 0 and X
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
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B(Xm −m−m)2 + C(Xm −m−m)3)
)
(31)


















0 = −gs(N) (33)
and
m2!!0 = g!v(N) (34)
the values of 0 and !0 are calculated, so the energy density of symmetric nuclear matter
is












































3 The equation of state for nuclear matter
Supposing the radius of the nucleon is 0:63fm in the nuclear matter. We x the four
parameters g, g!, g2, g3 in this model with the saturation properties of normal nuclear
matter. The parameters in this model are listed in Table 1. The excluded volume eect
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actually supplies a repulsive force, so the coupling constant to scalar mesons g is larger,
while the coupling constant to vector mesons g! is smaller than the other two groups’.
In Fig.1, the average energy per nucleon as a function of the number density for nuclear
matter with dierent set of parameters is shown. From Fig:1 we can see the average energy
per nucleon increases quickly than those of NL3[8] and QRZ[9] as S(N) > 20 although
the values of compression modulus are almost same at the saturation density. It manifests
that the influence of the excluded volume eect of nucleons increases at higher density,
the purturbative model in this paper is not suitable to calculate the equation of state of
dense nuclear matter.
The eective mass of nucleons MN as a function of the nucleon density N for nuclear
matter with dierent set of parameters is displayed in Fig.2. The eective mass of nucleons
decreases as the number density of nucleons increases. However, a little larger eective
mass of nucleons is obtained in our model than the result of the relativistic mean-eld
approximation where the nucleon is treated as "point-like" particles with NL3 parameters.
In Fig.2, the result of the excluded volume eect is also shown, Obviously, It gives a more
larger eective mass of nucleons than the other two models.
4 Summary
In summary, we give a Lagrangian density including the eect of volume of nucleons, then
the rst order self-energy of the nucleon have been calculated as the excluded volume
eect of nucleons is considered. Furthermore, the equation of state of nuclear matter is
calculated in the framework of relativistic mean-eld approximation.
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Table 1: The parameters in the calculation of relativistic mean-eld approximation
ITP(This model) NL3[8] QRZ[9]
M (MeV ) 939 939 939
m (MeV ) 550 508.194 532
m! (MeV ) 783 782.501 780
g 12.30 10.217 7.676
g! 6.45 12.868 7.036
g2 (fm
−1) -17.30 -10.431 28.140
g3 28.00 -28.885 0.012
rc (fm) 0.63 0.00 0.62
Nuclear matter properties
0 (fm
−3) 0.145 0.148 0.147
E=A (MeV ) 16.727 16.299 15.687
K (MeV ) 288.65 271.76 241
m=m 0.695 0.60 0.83
Figure Captions
Fig. 1 Average energy per nucleon E=A as a function of the nucleon density N for nu-
clear matter with dierent set of parameters, for (ITP) perturbative calculation of
the excluded volume eect, (NL3) relativistic mean-eld approximation with NL3
parameters, (QRZ) excluded volume eect of nucleons.
Fig. 2 Eective mass of nucleons MN as a function of the nucleon density N for nuclear
matter with dierent set of parameters, The meanings of ITP, NL3 and QRZ are
same as those of Fig.1.
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